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1 68383A) (Dti^t L\^^mm(D I r>) « rc^^gib^^^-Riffili. *^5^i;r>^T/ 
cm^ co^mSE-ei 0 0:?J^/uh«r + $Jlc±lHlc»Tt)^^tc:lHiS?{t:?!»5oi|6'^fe6ri:7j5|^ 
lb 7!i^ d o /t . SU g f- ^ > ^ 1i * ( -f- 5> CI S CO t> CO ) . U < *^ 5 ^ u r y 
r / c m ^ 1 0 0 h * -efi sifiiKibTiw^ $ 1 0 0 h (I ^-r <b i: . ^ y 

tmc < . m^i\tmm(omj&\ci^^x^mm<o I %mm(omixm^Ltio z<d x o 

?$11$i?m2168383^(GB 2168383A)i5«tom«fK:Jb'iI>':^7fe^ffll> 
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n fc o 40 
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X ^ h:k^ <ii*Lrv>^;5s, :l ti ^ (D :^ X v^^M m \z itmm t ^^f)^ h it < 

ai#^^2168383^ (GB 2168383A) (7)fl:<j¥JS(7)'^7K4iS:2SS%*^ 
1$fF|g2168383^(GB 2l68383A)(^a«?S^5ac,Ke4fcllf^llM^r 50 
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S !J5 fe , 
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'^m'f^ff^ 2 1 68383-^ (GB 2 1 68383A) COmft??«/:^&IC(i. fiSJff/X 

{kSST-<Offi^s^;45i kHzX-i|S<3 5 OOQ-cm*SS. »*L<tt2 50Q-cm*fc(l 
•S: *l * fSS g « T? fc 5 r i «5 S /j; - i ;55 1^ P, A» Id O T 5 . 10 
[ 0 0 3 0 1 

^H4!!FfFB2168383-§- (GB 2168383A) (!0mS?K^!KcO^7'Dhytt ( 
Jj; ft 'J^ RS ;l 6 fc to IC g T- 5 ) II . «9 * fk L M if4 K it ^ S # ?L tt ^ S 

I 0 0 3 1 J 

irj;oT^fi)t$n5'>/i<t'blocopI^igi:^y-tyvt?r^tf^*tt«ft¥i«?rJt^i: 
K^^'1'^>liy:^KJ:0t>pKa?55^g;^^lf|cs*-r5o #ir*%?^ia, ^'y-tyv 

[0 0 3 2 ] 

ST'Jii^e ox:~*^i 2 St:, !t#ic8 ot-^itig s'Coiaar-^lscoiHiSeik^SrtTpwi:* 

fiEE^fbti, ^fcll^ixbra^^. iirh(Dm-^^tL<nitihn^m:if7:^ (me t 
a 1 1 i c glass) Mfi£!fe)Sr^tf :^ft«r*l-a ti-S. 
[0 0 3 3] 

•fe y v<!:^r«tJ>l^*tt«)B«E;»»P>8^ii$^^fcl»1gSr^tf3V7'>'•{^•Cfco•r. ifflSl';*-^' 

z)5yv^J;i9t,pKa;ii{B;V>Sf(c:ftjfet. ^<-'l'y:&m^j§(*;45/<:/i.y^j^S3fE(0^{k;!t^, 40 
!lS{L#l, !g?{t:t)'b L < l±MSf{ki^Sfc(i^:ilib(0^^« ^- n b O ^ !t«5 t t < li ^ n e> 

[ 0 0 3 4] 

% W 1$ ^ /.£ lit §^ 

? £. I? < 2, , r i^ lb o «• (Cl± * ^ fflE 4" T- 14 iS ffi ®f <k ff ;t ;i5 . * ^ tJS 2 
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[ 0 0 3 5 ] 

**(73Wl|Sf<Df®1iS?{kSr. ^S!^fFm2168383^ (GB 2168383A) 12® 

irii, ^v^'yw'ffifii-csfjKfflv^ibnTt^swti^sswsffiKjbia* {-r/i sot: 

^SSiJt1-2>l^1iK{tfflm«?«^:^^i:co^«TT-8 0t:~9 0'CWi£Slc*iJ^f^)i:? 
I 0 0 3 6 1 

, ^flfiT/Ua-zu-CfeSi^y-feyy (g 1 yce r i ne) ( Fi^'y-feP-yUJ , ^ if ^) 

•tyv (glycerin) J > fl, 2. Z--f'a/<y\-^):i- — )\'\f£i£tLXi^-^h 

( 0 0 3 7 1 

^^'J-ir i; VIJ. 8 0^-9 Ot(75faaT-2^i:W^ttTI-i3l'^Tffinyc??ft^^tt$r=fr-f5 
„ iry-fey>(i25'CT'CO^m^Pt42. SitfcSWifV^fc*, ®«?L,fcJlro'(':t>'<b4r 20 
§lterUT^flttm«?«S:^i:$-«t5o ^^!J-fey>'<0»^(i 28 9'Ctii5<. 80"C~ 
9 0'Cr•C7)^^fvE7)5tg;^^fcto, 9 OlCC0^1SS?{bffi^'>'^'(^T"b?lft?>«K>^5ll4*5-f7)^L 

h cnicjfttr^ ai^uy^y=j-yu, T'Dfuy^'y^-zi., i, 3-7* 

n V - , 2 - > ^ - 1 . 3 - 7° o ^ :t - *j i 0^ 7" v - /Kl . V ^ f 
nt2«,'a*S 2 3 0"C4fcli-5-ix*«T-*)D, 8 O'C-9 0'CT'«^5|jgg3*Sigg(c:il5l/^. 

-fe y y w S II II 5 i;i g « *5 . 

[ 0 0 3 8 ] 30 

•g-fife^^y-try^'o:^*?^^ {.mm) 8g*>5>w^'y-feyyj;*)t»*Lv-'zis, miim^/ss 

, ffUf5tStfe(75it«#)SrJf5^L. 8 0'C~9 0"CTfflV^fc®^i::a«)«S:l|-f*-fr5^' 
0 0 p pm*fcll-tnW±^tf<irS);i5*>2)fc*-C-fc5, 

( 0 0 3 9 J 
[0 0 4 0 ] 

miriXolzif^-rho mitt' >^ /u, mit-i)r-f-^1t\tmitf-f>t£i;n^<t\'-:f^^^ 
*coS«:Jiicfl?jE!£^;^/tS:i§roS!i$;£ttlc*tLTll. ^^SSfikcoflljtcS^flcKlg^Sijffij 

[0 0 4 11 

^^rttw^«tgE*fciisna®fro'r;i->''(l:t?5*9gJl^-i&, r/i^^y^iSfsJ-v, r>^- 
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mm >^ ^ =^ ^ y - r ^ y . mm / "f- ^ ^ y - r ^ . mm>> ;^ \^ ^ y 

zr. ^ J — fvr % y ^ x.'dmm.'y ^ V ^ ^ ^ J — f\^r ^ y t^^%f\.hip^ . ^^^ic 

5o mmr y ^ h.\t<r ^} ± ^) y\Lm,h\^mnt h i.. t*w«rttjc*ic»j$r6fc'»t 

[0 0 4 2 ] 

^iry(n$.mrjv^-jv^<r>mf^^fi^m<. r y ^ ^ ^ :t y i6 iiXJ^mm^ ^ y (n^^-i" lo 

85t:T*<7) IkHzS^^ ( Q -cm) 

gj[ K2HEQ4 NH4NQ3 

1 1950 840 

2 Sm% 1076 456 
5 ^fto/o 530 185 

10 mm% 383 93 

20 

[ 0 0 4 3 ] 

[0 0 4 4 ] 
(0 0 4 5) 

u/c;^i^oT. :^^m\t. V -t V y . b XI \c 0 a y y ^ it (D ^ mm 1^ tz \t mmm <o 

^ ^ :t y t r :t3 ]) . r y ^ =• ^ i6 ii rj / fz u V y i}^r ^ y ^ ^ :^ y t (D ^ 

y ri . K J: ®? /.^ $r ^ tp ;65 b S-i] IS $ ti . y v ^ J: <9 t p K a 30 

(0 0 4 6 ) 

[0 0 4 7 1 

* L < ( I 5 - /K) 1 0 ffi a % T' fo 5 o 
[ 0 0 4 8 ] 

(7)/yi?y>^?Rci:«9t>ii5^^fi'&T--tfo^mtt^«o, {^g^r:^^^e7A^^^yiry>'ig 40 
?{^{^8 0t:-9 0t:r'(7)fi5^^(;:^LTi^®^(c$i£Tfo»9. ^micRSS^^fcil^i:::: 

[0 0 4 9 ] 

ht^. ^ n b Pg ?E $ ^ a ii L )t JS ffi K I- it ®e fb ^ If * n 5 
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[0 0 5 0 ] 

^n^t-t^o mmmitit. ^7i<.itmmmic x ^xmmmm±t^\ci^ - fj:mmmits,mt^ 

[ 0 0 5 1 ] 

2 r -cfe^>o 

10 0 5 2 ) 10 

m^^'^x n 0 t \:i X ^ . =' > y-^ (Dmi& h M ^ t -T ^ , ^</^y:^MK«f^*a*ii. ^^^^ 

[ 0 0 5 3 ] 

t' (}^^ m (D :t - ^ m (o n.mm \c m se 9 R \i ^ t ^ ^ h ti ^ o 

(0 0 5 4] 20 

mmm 

1 
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N«D^<{nnai Dcctnlycn wid Method for ADodUag 

Ffeid flfttielnYcntlfln 

Tbe prcscDt iovention it dii«cted (o noo-tqucoui electrolytic cohioont toinble 
5 for taodanz vn]vc mead dehvrive snode«, to meUjods cf tryxtipng osiqi doo> 
•qucma electrolytic lobniafiat nd to opiciton prepsred with oosHKniBous 
dectnylylic solutioos. 

10 For inny ycvv lO-caDod lolid tmnhin} capBcnon tuve set Qv mirkct wiiilinl 

for bisli apadltnce per unit vahnoB oombtoed with higji leltabifi^; Siaco dmr 
BiuuduBtKio tn tbo 19S0*ik lobd tntihon cipXiitoii brvc contiBBBd to ■farihk n idb 
due to (be 'mtroductiai of tantBhaa powden haymg higher sai&ce area pv unit 
wd^ (Ic, rm&Ucr particle cze). High surface ve» tsoMmu powden fadlitsie (bs 

1} use of muRzz uradcs bsviog (be mno cep ac itioce wbco uiodizod to equivalent 
soodtc oxide thicloKs ccapa r ed witb oUa tmtahnn powden. 

Tbe utiliiy pf tmtBhsn cxpiKitDii hu beca e iteoded by tbe widespmd . 
intnaductioa of sorface motixit aoUd (mtatua c^aciton is tbe 1980'f. The 
faeat-raalaaCB fxtjpeartiea iobcrciit to aotid tantahw) capactton doe to tbe owngpncse 

20 dioQude oouitor electrode loatBnal need in die fabncatMO rendeis tunahus capocitan 
relatively imnniie to ibe destructive effecta of beating dating icflow^ldning 
coi]i[wed with alwoinuin deconolytK capsaton v^iicb eamain • ,Kqiiid, 
ocgaaiMolvBit-based dsctrolyte^ Cnnarqiwmtly, a barge fticlioo of the appliaUcM 
which formerly ntiltxed raxoiatsre ahuninuiD dectralytic cjparitora hmre becD 

2S oosvejtad to solid tastahnii copocitDn of dw ciorface mount ooofiguiitian* 

Further. CKiending the utility of lolid tamahm capadtm bu been tfw' 
iimxluuioD of mhercDtly cotuhictTK potymen as CDDittcr elects 
of d» cMDgBQcae dioxide tnditiocaBy present in these devicca. Tbe higj) dectrioaf 
comhxcttvity of inbcTtatly caodoctrvc polymcn givct rise to a ligTU&ant reduction 

30 in equivatait aeries resistance and loss of cepocitasce et hi^ier fieqoendes in sobd 
tutahmi cspaciloit oontaiidng (hem. Solid tsntihrni cepeciUiis with coodactive 
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potymcr catbodej hive the MkUtiotw) advantige of beini rerislant to ignitioa ia Ibe 
eveoi oft thott circuit ocanriDg wiituo (be apicHor. 

Tbe receot introducDoo of tur&ee mourn, solid tintalum up&citon bsviag 
ouUopIe anode deiDents is panlld to fcduce the equivalent nies resistance of the 
S devices to weU coder 10 "'»iKf<iitTT« ftutber extends the lae of solid tantshsn 
captchow ID ipplkatiiTO where pwiouily only caMiiK 
cooUbeusod. The tsmtlura nptcitcn ire geaenUy much sxsaller Ihto thoccmnie 
or mctiUized &hD cspaciton which they npltce. 

Tlte bsprovoDcsu is »nn*"MD GBpaoiton, dcBCxibed above; mrntwrind witlttbc 
10 catpioiive gni'wih io tbevuuipuin aad mobUe trfqifaoae intuitiin baw Rultad ia tbo 
powtfi in woridwidc iltfm'^^ foF ttn&hnD c^)aatDIa bom a liBw nuHios pwoca per 
year in Uie 1930*f to well over a bOIioo piecea per reootb today. Ia ipitB of dxs 
impniTenieDls ia snrfiwe nea per tmit weigbi made by tbe npplien of laatiltim 
cap B cho f powder over tbe yean« tbe dciaaad for tastahun for capadtoi purposes bas 
IS granra steadily EiDce tbe 19 SO's. Tantahmi ill rehthrely rare demailioaat^ 

(Mb &ct coupled with incrcaiing dctnand, bis resulted ia a foity<'fold or owreiaCRaie 
to Qie pckx of lintahts) powda ovv the past forty to ^ 

It ia widely recognized that Ibe giowtfo of tbe electnioics iodoxtry i 
pcaicr device pedoraiaace at lower cost, u cime advaaoa. Una. wfasle tbe 
20 cqiAGilaiice per iinit viAnne cootinxs to incnaae, tix pric^ 

for solid tamahnn capacitm coDthnes to decrease with time; as it asm io order Hot 
these denoea Id ooofonn to tfies(><alledfcatoiagc»ve of device aiiniftctu^ 
veiauf the logantiim of the cuoailativB number of devicea aotd woridwide. Ttab 
teandai ctvve of dscofit reqdieaientt for ooaqnoeati 1^ 
25 maintain die growth rate of dK doctnmics isdnsiiy. 

It ia widely recognized that, m spite Of tbe device laannbctiirnB CM 
curve, surface area per uait weighl of tautahuo caoaoi be increased indefinitely. It ii 
also lo coguige d that the increasing dcxvemi far tBotalura is fordng tantalom produocn 
to pcoocss lower quality ores is oitlor to noet demand for die lactal. The esrtractioa 
30 cost per pouad of tantihuQ increases significantly with decreasing ore quahty. 

In so efibrt to reduce tbe cost of the valve nsetal compoocDt of sotid cqndion, 
otber valve metals in addition to lantaJoni have beoa tested fbrsse in solid cafMcitor 
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mina£KtOTe. Tbe mnU, niobiusi, U roon dosdy rdsted id Casalum in dnnical tnd 
pbyncsl propotici. Fornatay ycan^ ttaiipti btvc been made to fiUaiciio wircxgafiU 
B>Ud capadtoTY firrmi Qiotmnn powder. E«iiy mobtum powdtn coataiscd a nHitively 
lir{;B •fiuxint of impunties lod give nse lo b'gtily iliwed cnutle durios modizition 
3 dietEiBpcntoioaotDmllyBMdtoiooditttnt^^ 

dilute phiMpfaorie uidL It >m feimd ft«t the prodixiian of tUitawlDoB fliwi b the 
aaodjc oiide on niobfiiia eouM be obumaed dirov^ tbe aie of esodizing 
tcmpentores below iboot 2S*C UnfoctuoitBlyi solid Riobbm ctpsuituii were fiiuod 
to give mcmnog ledugp cuncot iml sfaoctsd devices npoo testing osder voltip it 

10 dwitedtanpcTttureefag^ B5*C>. 

Niobhin] pcwdos pn yared itceaHy tppcMi moch improved witb reflect to 
imporily cestaaX wad may be inodized tt tnditional uxxfizing tempcnrtsirs (ie., 
itrC to 90"C) witb tbe prodoctios of reistrveiy fliw-frec oxide u low SRodizing 
volbges (60 vqKi or leu). Pvticttlarty good dieloctiic piopcrtict, a indicated by 

15 wtt-ceD testing of apodiged aiobiuip anodes, are obtiiiied thww^ the ma of the 
electiolytei and medaodi deaoibed io oa.peading applicatioaa, Ko. 09/143373 and 
No.0W489,47l. 

powder are aobjeot to iimvaimg leakage cuiiuU and liiort cmnt faxlBres on life test 
20 ai elevated taqpentiin. Ibe ftihnsbave bees traced lo lbs odgnticB of oxygeo 
fioo Ibe anodie oxide mto Aie siobiuiii mb sfc i te . Tliis ftifam raECfaaQiflB is ilao 
kumo m taatahD capujian, but the eSbet ii nn»b tiMce praoeonoed 

Fatumtely, a KihjtiaD to die pmblcin of oocygco migritiaa from dv aisidic film 
to the vsJvc metal cobstittte bat beeo found and bas bcco dcaaoDxtraied fen tantalum 
25 and oicAivm. On Manb 9, 2000. el tbe ZO(b Capacitor And ResistOT Technalogy 
SympOfiooa, Dr. Tecnoce Tripp prtaojted ^ ptpet, entitled "Taxitaloni Nitride; A 
New SubstrotB for Solid C^pecitora'' (Auttos: T. TYipp, R. Chni, B. reprinted 
in tbe lynqxifiian proceedings, OD pagts 256-2(2). Tbis paper deecrlbea tbe anodic 
oxide^vslve metal nbftnie tbanully-dxivco oxygen oaigntioQ problan for die 
30 tantalnO'tantaliBn ODtide system. Tbe aatbon also dewribe a mediod of overoootiag 
tins proldea via ftie sabstitiitiaQ of tantalum nitride or sub^iitride for tastaJwD 
powder io tbe bbriortioD of device anodea (ibe tastahnn nitiide, TaN, actsally loaes 
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half of its nittDgcn contem dajing the vicuuqj rmeriog step used io coosoltdace tbt 
powder isto id ixsode body, becondng ttmatuni sob-nitxido, Ta,N, by ibe cod of fbe 
soterutg process). 

Tbe prcscoceof nitrogen en the tantihun sub-nitride mbstzite osterinl doa sot 
5 <PP<w tt) iotoibe with ibc fornmtion of the anodic oxide fihn dickctic. Aaoie* 
pRpvnl by woQio lintaing ttntihm nitride or lubHiit^ 
electrolytn MditioniUy used in Ifao tantthnn captciktf iaimcy k wdl v lb« 
elecbofytes daodied io oofcndiag appUaiiaas, No. 09a 43^3 tnd No. 0^489,47 1 
u well u per No. WO 0(yi2783. Tho anodic oxide iUins prodooed od meand 

10 tutahm nitride or nib^utzide bivc proven to be grndy unproved wKh respect to 
jtuMOOBcc to OKnniify driven oxygen migiitiun, axid&'ti>4uViti stc^ oonpond with 
viodic oxide ith&i grawo opOD tutxhan metal. Tta$ ohaoced dianiil stability 
toward orygm cmgralioo ii desity denoostnted in the cxpecitaoec vcnox vobage 
biAS curvei for xsoditod tnd bcat-ticatod iBDtahun and taaalooi Qttxide nAitiates, 

IS dqTictcdisFigore 6ofthcpBpcr bylVipp, k1. 

Tripp, eLal.,bgve extended flieirtit a lmeitt of vihrc metxto to niobinm nod bivc 
leported.lhp came fimdiawaUd incscsse in rcwinocc to axygos oiigntioQ for modic 
oxide Glini oo tnobinm oitridcMriMntride corapared with aaodic fihns on niobium 
metal inodei ai they obacrvc for anodic filma on tantakna/nib^ohridecoiiy^ 

20 anodic filiBS oo tantxhuD nstal modes. Figure 9 utitaxCA^TS. paper ^ii|B 261 
of the lyn^miam praceediogi} depicta the capadiaaee yorfiu Has voltige fir 
beat^trefted anodic oxide fihnt on mohiiBn and od mobiim mtiide idistxalea. The 
imprawnicnl Ui lability for the anodic film OD (he niobitiB) iiitride 

Fife. VS. Patent Na 6.051 ,044, dbcloaea (hat at least lOiDe hnprovenicot in 

25 (bcmuO stability of d>e oiobium/DiobimD oxide syt tcm is icaUzcd by the presence of 
nitrogcD in tbo niobium nibstistc at IcveU coosidenbly below those pieseot in the 
oitride or siit>-oitridc FUe'epcdfies t« krw u 300 ppm oitrogeo lod, moie 
particultfly, 300 ppm to SOOO ppm nitiogiai (cLairo 4} ccxutitutcs en anprOTemesl 
over prior art niobium capacitor powden. 

30 The aecham'na by irfpch tbe pi c ic oc e of mtrogcp m the valve metal iniMlnite 

givea rise to grcatEr thenoal sUbility of die anodic oxide^nllvB metal subatnte witti 
respect to oxygndifihsian into tbe sobnrateappeajv to be twofold. Kitrogni pracat 
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tt relstivety tow cooocstntioos ippem to id as a diHusion bamer, iacnmn the 
icnipOBtiflx and/or liiDe itqoired for de^nkdatioQ of the electrical leakage pnspotics 
of tfoc anodic oxide io « luanner cimilu to the ttibiUty cohanconent observed wiib 
teotalum anodes anodized io ciectrolytc soluooos coQtaining a relatively high 
i c uw,«ii i » t i oo of ortfao|<)ogpbate ioo, e.g.. 1 to 5 wt% or won ortbophoap ha te. 

Tbc aecood mecbinim throogb wbicb ifaepracxceofaitioecatadieinobiuai 
or Aamahim substrate rise to greater thernu) tablity of the anodic oxid^lve 
totoal tmoftce with respect to (nygcn diSbsici^ piTticulBt/ when die nitnigen it 
pretent ID idativdy loje ijunihki, ii d» kvmiiig of tfas 

10 oxygCD diffiiiioa pitooea (j.e^ rednctng (be fi«e enoxy lOieratBd by tt» diSbrioo 
procen) tfanngb tbe fonsttiin of iclMivebr stibkcoiiipoaiids of nitrogeo lad Ibe 
valve metal lubatrvte. Mdal nitrides and nVoitzidei ban ■ loSciendy Ugb 
Bctivatwo e&agy bt ilftwiiipmhioo {fait Ibo tcuijWBiurcf Gntfrfoyed ibr liie-fBdog 
OTV maoy bmidRds of deycci ceaipvde bdow tfaoK fcqu^ 

IS dccon^iontkjD. 

Tbe effecdveocss of reduciog ibe cbcnticaJ potemial dnviog oxygen diSbsion 
(as opposed toemployuig u oxygen difiwion tohifaitDr} ii ilhstrvtsd b PCT No. WO 
0Q/1S533. Tbis pstEoi desoribei the nse of » cbu of niobium suboxide, 
Bj^mnimrting NbO, is place of oiobiuxir for tbe frbricatibo of powdei sKtaOiogy 

20 capscitDr aoodet. Ibe use of nioUom fubcoidci !■ cq»cto miieriato ii aid to 
tcsull, not only fai fiie pniductiao of enodei herbiggrBiiEJ losiatmco lo mrhcc area 
loss duriqg siiilisnn bncB grenfer oapeeitsiice fetestioo, but also anodes iriiicb 
dmoDStnto s low levvl of dectncal lealnge ounci^ pienmbly due to Ihs iofaflMoo 
of oxy^OD mignAiaD dne Id (he leduuUuii io chemical pottolisl San fto apodic 

25 oxideA»ibnimniboBdBiyitenivcnuiQtBiDo£ca 

Ahbou^ tbe nbstitutioo of ok)bhim for taotahua pravidei a lazBC pol^^ 
rcdoctian in material coct due to tbe roore plcntifal auppiy of mobrom in nature 
(sppioxiiTudely 10 to 20 timea toon pIcotiA}] tho tantalum), (be lower density of 
niobinm (iSJ gm/oc), coinpajo d witb tantalmn (1^6 gm/oc), end en extrancly bnge 

30 deposit at B site in Srazi], (berc exist other oiateriab which ofib* the possibUiQr for 
even grester saviogs than BiobiiinL 
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For many ytan it bu been recognized thai tituiuis Ibnu an oxide hsvinf a 
veiy high ilielecxric ooutsni (ippraxinutBly BS} compsral with tanahna oaiide 
(ipproxiinatety26)andisobium<nide(i|i|mnina^^ Tituihuslisstreb^ly 
low den»9 (434 gm/bc) ud u voy cooiniOD to aaoi^ 
} denxnt in Ha eanb'i crust 

llie prodiKfioo of adberm^ lelsthrdy flavMte aod ele^^ 
OD titmiuB is quia difficult doe to the aeastivi^ of the material to toodizing 
dectralyte lea^xntarc, water oootcnt, prolictty, a well aa chloride contaznuiatioti of 
both electrolyte and rabatrete metal. A process for socceasfully saodizing titxiittiD 

10 sndititltoyswisdcvetopcdadteeaTly 1980*siixlisdaCT^ 

Patoit ApplicatiOD No. 06 21 68383 A. Tbe mctbod of tfaia patent appticitioD a alio 
described by Roaeaberg,et.aL, in tbe papa entitled: "AnodiangMecbasiimi&Hisb 
Purity TttBmuiD'*(ipreaeated at tbe 'Tltxaiani '92." 7th lutEnational C oofei eoc e oo 
Titanium, Stn Diego^ CiUfonua, 1992). 

IS UnliDnuattely, altbougb hi^ qu£ty didectnc fams cao readily be growo oo 

titanium BDodea iniag tbe nvlboda of Britiah Patatft Ap^^ 
it has b^co fimod tbat uodic oxide filna on titaoiuiii are nlject to oxysap dUOuuoo 
fioni tfie Modio oxide into fee otetal nibtliate crtn ac ypoon oi pcjatiire. The solid 
lotDbility of osty^cD id lituium ii voy luge (ahnosi 25 wL %) n an the five 

20 CQCTgiea of fonnatni foe Ibt titBuan nboxtdes. Thos titaoiazn coUd capacitor 
Anoda eves oMxc aeoaitive to thennal degndatioo Ibsn niobinm solid ca 
noda. 

la mud] the btds nausier as oiofahnxi, titemxn fonre a mtride, TiN, aod a acriea 
of suboxides. Tbne matoials possess high electrical cooduotivity and idatrve 

25 chemical xnertDCBi. While h is sppaTcnl that aoodq bbricatnl fiom titazmun oitride 
or svboaiidea sbcuM E>ve rise io math more (bamaDy stable iiiodic oxide fihus for 
tbe sane leasona ftxmd with tntxhim or niobium, unibrtsnBtely Ibose matoiab give 
riis to wcygen cvohitiaQ wliea biased positive m tqoeous solotioos aod do ooc give 
rise lobsricj-^ype iDodic node films (or do sovifb aucb csOmDoly low efficieocies 

30 thai, for all pncticd pupows, (hey lefflab anotfie oxide fiba^fioe). 

Is Older to tc« Ibis type of material, aoode oompaets wero praaaed fion 
thaDiun Divide powder obtahud fitxn the GFS Chcnnicai Cootpaiiy. ITieae anode 
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cximpActg were pressed to dose to the tbaoixdcaj douity for tlie nntentJ in order to 
raimmize curreot flow to my ititenul lurfioci of <bs ttntmd modes in order to 
bciUtate study of currcnl flow Ibrou^ tbc relilivdy mull surface wja represented 
by the envelope surnmndm^ (he mode bodies. Tbe toode compacts were equipped 
S witb cuibeddod tntahim wires for electrical contaca The tantihxm nitride mode 
GonvKls were tbcn sistEred st 1,600" C for 20 nsoota to prodsoe cooioltdated 
tHoaiTininitridt anode bodies ■tnearlbeifanretiealdenaiiyfonbeiniteriaL 

It ii noted Out for c^Ndtar prodoction papoMi^ powder metilhasy vbIw 
loetri mode cotnptrta we generally produced at 1/3 to 2/3 irf'tbe Iheoreiical deuity 

to ofthevBtv<:iB6UliDordatDimlDBiiseoftlKtai|sialBiid 

Hic tmnhni mtride uode bod)es, described dxnrei were prepesed fiv testing 
puipoios only in oidcr to stody Cbe snodiating bebavior of d» cootoUdited msterial, 
•I one would stsdy fte behsvior of Ibil coupooi, witfaout tbe oon^IicstioD of 
pbeaomeaa, rocb as gas ovohition, trirag ftins (he resctions wiftia ttw fine pons of 

IS ireditiooal porous uode«. 

Ths tDodic filtD-fansiag p ropcrtici of tbe fulVdosity titanium nitride modes 
th ro drtrnrnnnd (d dibits pboapbonc acid by BUfpcnduig n aoode in a ttainlesi 
siecl beaker of 0.1 %;dio^boric add at 85* C and applied d.c TOhage with tbc mode 
biased positive. As aooa as ttw bydiogeo redtictioa poiaidal was itacbed, taydiogeo 

20 WIS evQ)ved at Qic staiDlcn itod beakv sad oaiygieB atfbe anode sui&ce. Tbere was 
no Btgn of aaodie filn fionsation, and increasi&g tiie applied voltage was fomd to 
ociease tbe cucicult die cuntot did IM decay wifli tflDoa as is tlie caae dunng anodic 
03iide RhngrawtlL 

The gaaahig and lack of inodie fibs Ibnoatum b> tUs iuf|wviiiijaDt aps (rinSar to 
25 (biaeTOB>ore ptuuuuu M8dto)thefeaitootamedby anndiTO ^ 

in bot. dilute Msch. b} lijjM of the auooeufd results obtuaedanodizzng titaiui^ 
employing the ekx:trDlytai aod methods described in British Patoit Application Na 
(39 2 1683S3A, a iull-<lamiy titnxiiiil nitride anode wa imniened in • 2S* C, 1 0 voL 
% lohitioo of 85% jrfiocpboric acid in N-me^Q^Z^pyarolidose (one pitfaied 
30 embodbncot of OB 216S383A) cootsiood in a stainless steel bcskcr. It was found bat 
the titamoD oibide axtode could be itadily apottinid id well over lOO volts at a 
constant cuznsst of appraouooHitely 5 nrilhiuiyoes per itinarc eestancter. An 
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•dditioiial tittshns nitiUe flBide bcidy (fuU douiiy) «^ 
■tippniztinBtetySiniUiaapat«periqii«Teoc3itimeter. UpooreaduaslC^O volts, (be 
current deeiyed with txme to • value Icn thia 1% oftbe initiat vohjc. bs b Ihc case 
wilb tantalum, ahunimini ind otha vitve axtal autehalt uficd to fabncate doctroiytic 
5 ctpadtan. Hiia tbe ability io loodizB derfvitivcs of vdve metab whidi have beea 
found to be diffialt or bapossible to iDodizc in aqueous ekctn)Iytcs» web u tbe 
nitrides, and lubcxides of Utaaivn, etc^ fhruush the iiie of tbe etectcv^ytci mi 
mctbodt of OB 2168383A wu (laDonstnted. 

Altbovgb the elscudytca ad raetbodi of CB 2I6S383A Rpnaent a najor 

10 advanceniep|qvo-priofart.thntrjiw!diodigiddeclre^ 

bum a mami&cturing KtadpoiaL Tbe polir, tpntic aohranls of Ibii patett m 
diJIlcahtDciinaiDismodizingiukphinri)^^ h is aJco vary diScuft to 

Diviitaaihe water cDttfesloffheelectrotytes of QB 2l(8383A bclovZwt Kwbile 
BtndizBg at 30^ C or below wtftoot ■ir>tigta aoodiziiig tank oowcn, 

15 vacpHin-<re»imeut to reduce tfaeeleeifpiyte Baler ennteMt,^ iSw Tf^^^ yii ypH gfffhfrw 
OTtm be carefully treiuicrred frgoi tbe nxxiiziag taoJci to linse Bytttass lo as net ID 
inow the clcctrolytci of GB 2)683m to drip onto fkwri, equipm^ 
duo lo tfao aggressive soNent tctuni of Aem elcctrutytea (the elccoot^ prcsoii lend 
to Bttsok flconag ood mtcluac fimibes, as well as operator dotfamg). 

20 Tbcx^ also oust techsicsJ^vrxxsa (fisadv apts g es with the electroiytes/nwQKMb 

of GB 2 168383 A. Tbe resistivity of tbe deetnilytts of this patoil tend to exhtlift 
exoeistvcty Ugbresistivitia at Ifaeiapdaiogte uipetatiiiCT wfagcthciedectreiytes 
bave been ftuDd asefbl fi-e^ bdow ippnftinatBty 3<f gc^^ 
obm-cmctlkliz. TU npid and tbocoocb loodiaBg of pmi^ lOBiaihn^ 

25 Obricated fiom finely powdered vaWe metals and dan^Md fir low voUigp 
applicationi baa bceo foood « reqabc decmlyte ndstivitiea,, at anodiiias. 
tcmpentnvs. of le» Ihm dnut SCO abra<m d 1 kilz. nd prefimUy m ^ 
250 dhm-on or leas. 

Tbe tptoticity of the dsctrotyte aolvents of GB 2I68383A (neoesBiy to 

30 minimize advene reactions dunng aaodiziDg of very reactive aubitretea, nicb as 
titsTiniTTi mctd) prcscnti an additiond problem in tbe anodizing pf porous anodes 
fabricated fiuni fiudy powdered nutenals. Tbe ortbof>boq>btfB ioo tends lo 
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iccumuUte witbin the tnodc bodka (tue to doctnxuHc Aitrtoion, with tbe otions 
(suumiag arotne sata ire used to otitxin minirauni ekctrotyte rawhnty) 
teoumilatiDgoetrtbecalfaodeiurftcci. Tbe ortfaopboiphste jooi witiiiD iha nwde 
bodiot met with the low wiler Goateol of tbe dectxotyta to fimn Wba^toMfbanz 
■cM. Onbophospfaoric tctd h poorly knized b ipratic lohat ralatioiis nd, m 
cooHcpieace, U» rcsiilivity of tbe eleeirolyte wtthin the snodB bodki rin to high 
levels, nsultios is tnconpletft bitenal oude fonaitkm union nor long nodtzms 
draes ire employed. 



Tbe ioventkn b directed io ft D0D>iqDcoQ9 electrolytic lolctjoa cocqirising' 
glycariDe tnd it least ooe soluble nit fonoed by tbe neotrelsoiiQi] of at UbsI odo 
DOO-halogeo-contaTOng oigiiao or borgppc acid irooo vith it least one eflali metal, 
ausDoshicD, or protoosted eminc catioo. The ecid anioD is denved tcmn a tai 
IS havtogapKatewerthftapbosphoiicidd. la puticolir, the inventiop is directed lo 

llie iirvcsto u fbiiha dncted to a CBdiad of HUdtnig oon^^ 
to iDode at a miipmMUue of ebout 60*C to afaoat 125'C part'calsriy BOX to about 
95^:; until a onifimi nwdic oaide fifanis fanned ova (be entire eoode nnbce witb 

20 the nai>-BC|iioons elecltolyiic lohition wherehi tbe anode canonises • nlve 
metal-derived nitride, sub^tiide. oxide, or nibKaide. or sd allay tbereof. • noxtan 
thereof, or s mettUic gloss oompasjtiQO tkreof. 

Tbo invcQiioa a tlso diiectcd vo a capacitor coozprisiiig m aoodc jxtpmd ftun 
va}ve>mctil doivitive powda sod s aoo-iquoous electrolytic eolutioa oomprisfng 

2S glycerine sad d least ooe soluble silt formed by the oeuoalizatios of tt least one 
QOo-halogED^ocKitBiniag organic or taorganic acid anion with at least ooe sUali inetal, 
munoxuum, or protooatsd amine cation; wberein tbe acid anioD is derived fim tn 
tcid bsving a pIU kmi- Ibaa pbospfaoric atad. and wfaociD tbe 
is a valve OKtaMcmed nitride, nib-aitride, aadds, or nb-oxide, or an aDoy tfaeieof, 

30 tomctatlbereoC or a metalKe glass con^osition tbereof. 
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DfftiiW Prwrlfftfgn of ttgliiTBitfpa 

II WIS diicoTcrcd ibat titaohiio-tfcnved msterisli, sucb as titxDhim nitride, ' 
wbich oomaio additiooiJ elemcau, luch ts nitrogen or oxygea, serve to reduce the 
cbejntcal poteotiBl driviag} ggcygm diCFjsion from anodic oxide ioto • subctrete. tnd 
5 tend to reduce tbo rnctrrity of (be oatEriil dnnns ■aodia o g. Tbc redcciios id 
ic»cthfilyoftiiaajumc u i ap o uia di.wdiailfac nitric 

for Boodizwg cbctrolytGt luiog poiv, ^nodc tdvtntt. Ttac mattiuli ctimoi be 
toodizBd ID Bffoton cohitioiiii but h wai discovorad tbu ttejf ctn te loodiztd in 
polv, pretio solveiitB, gucb u pdytiydbric aleolKrfi, oontainbis kss thai cbout 2% 
10 water. 

}t wu fintbcr discovovd tfatf liliDiuiiHScnvcd imipriili, lucb u titnuwD 
pitridCtirtochbBVPMncphMcodiciwtiitwwtDOiiygca nugjtt &uiu the ttsodic oxifk: 
fDm GU be suoceaAiHy loodized it tompen&ires •bove the qjproximiiely 3(rC 
upper Umh of the method of OB 2I68383A. Mere q)eciiicKl}y, h wis &xnYavd Hoi 

IS aoodiziBg tenjperttom BS bi^ u (base inditi(nnl}y used for tz^ 

80*C to 9(rC) nuy be nxccejEsfiilly employed. Synei^istScall)', poiybytbie 
B)ooi»l-bBsed Boodizisg elactivlyta (naintainod tt a temp c w t u ro of 8(rC to 9(rC ia 
ooQtacl with the atmosphere reach sa equilibrium water oootent of apprxniioxtcly \ 
wt.%, wdl withip the nuige isitible for aaodiwng axytea difibsiao-itsiitanl 

20 titaniuBi-dcnml mt&nah. 

Ibesuhabilhyof vwioMpolybjnlnealcabjlilbrinAatheekclnrf^ tbe 
invoouos dqxxKb iipoo seven! fivloiii sQchxfang ibflnul rtibiliiy, die fc tinc 
oonstnt, nd boiliai^ pobil (and mutiati'd cvyontlKW nte)> II wai dswvaid fliat 
tbo polytaydric aloohol. glycerine (alao koowo aa "glyeoor, *^yuBiu^ 

23 '*t^3-l>npaao trior, eic-Xtiutaqaeaiaonglliepolyfaydriea^ 
for uae ia ibe dectroiytic solveot lystem of the isvenlioa- 

Olycerioe has caccdkm tbeonal atibility ia contact with air at tanpenmncs of 
8(rCto90^ G)yccriaeBUobasiicIativelybigbdidcctncooiutaittof42.5ai25^ 
aod BO grrea rise to ioatzatioa of diiiohrod salts to yield coodoctrvc electrolyte 

30 aotutioDS. Ctycerine has a higb boilmt, 2S9^ and a low v^wr presswv at 

so tbat minimal craporatjos of die dectrolyte ocom on randing in an anodizuig 
tank at 90*C. Is contnit, etfaykae glycoi. propyteae glyeol, M-pnipaiie diol. 
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2'iiKtfcyl- 1 .J'ptiptae dk)l, nd the baaac diots, oil hsvt boiling points u or below 
23(rCnMlbmcxcesRveevapantioDrilEi 1180^10 90^. Furtfaenaoic, ecvobI of 
the lower molcculv weigbt dioli. tucfa u dhjrleitB glycol, diethylox glyeol, mi 
heulene {iycol uc oodentdy toxic miteriab nd care must be tikca to not cacpose 
woriion to the Kqndii^'apai froni these nuleriali. dycennB^ in oontnd, bn • veiry 
low order of toxicrty. 

Olycerioe is levlily sviOable fiom » nsobv of nppliers, lod, a 
coit Syctbctic glyccnne isprcfenblc to glyecnnc firoa ostunl (tiunoO louroct u 
tfae tatier teoda to coobun 100 ppm or toon of protetD-Ukc autaials %Akh search to 
fonn dtrV dqxmts end wtaicb dsilcca the ckctroiytB when uted it VfC to SVC. 

Oilhoptoipfaiteiilti which ITT nhA>le ij] gtycerioB do DO! pitnrkle dec^ 
lOtuttons wbtdi tn ntffieienlly coodictm: for effidect g(fC to 90^ coodixing of 
pocous nodei .bcviog • fins poie fitnictote. It wu then dtsoovcred Hud 
orfbo|)boq}faite latti no not ucu e iwiy lo provide ■ e m t rt Je electrolytic nrfvtion. 

EtoctnlytB> lued to enodiyc valvt oirteh, such a tmlahini md oiofaino^ 
coptiifltiig only nriniinil iniowTiti of cb oacygni mgnboiMu^jAesnigdeiiicD^ nicb 
n nitrogen I gcocnily coouin pbos{riioric ncid (oithophoq)luitB no) which ii 
acoiporttai into the aiodfc rode fiho during modiiing, nwioeoipOiilBdphotplaie 
actstost^ipcwaxygmndgrationnenodicfilDii. Then ■ppearslo belittle seed far 
oxygco-Boorpoiotod pbospbote for Ihennil ctBbiUty widi fSms fbnned on valve 
iDetBlKlc7iv|cd fubstiiics, such ti tHntshaxi niiride, mobiuni nitride, or otaniiizo nitride^ 
doe to the ptcscooe of m nnple WDOunt of so oxy^ migrvtiao-inhibiting (lemeot 
in Iho lubstrate priot to goodiziog. 

It WW docorcjcd that ^jccrhic^-vohible nod tbonally stible reictiou pnxlucts 
(fislts) foimcd by iispUcing tfw ioziizable bydrogco ttoon in orgnnic or nxorgmct 
no!>>hM)ogei>-caitsiDiiig icid^ straigcr than pbaspfaonc acid (i.e^ pKm kwcr tfaza that 
of phosphoric idd is glycerine), with cUodi metd ions. KDmonhns ions, md/or 
pnfiotiMsi iQUBo ioDi ^ve good rcfolti st tooogeim Sutible ionogeni iBc h w fe but 
wn not liiBted to^ unmeniBiii lutntt^ Jiiiicthyl ethnolmiinc nibile^ diuxuliyl 
ethanoltmiDe isl&te. dioedtylotho^ ffhtnotimine oibvie, ud diiaedQ^eAaigr 
BtbsDoliniine lulftto. Anmg tbeic iooogeaip iTnirwwiniiii nitrele hss p u t icw lp ly 
deiinbie pi op eiti e t . AniDonnan oitnie is reidOy lohdiie ia glycerine, md It is 
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posnblB ID pixpvc die lohitioa cont&miQg io wen of 10 % inmotnoro i^inie 
It room vetnpenxaz by amply itirriag Cbe roatoials togetber. 

Tbc low pKi of oitzic icid co rrijined with the hi^ totubUity of (be amnxoohim 
ton is polybydrie alcoboli ■od ibe bigb equivileid coaductmcc of bo(b the 
3 ttmrnnfaaamidiBiiitnttknigivairiscloht 

fPMtwUy far lohiticBiiof MiJiJiuiiiuui riftrtB io tfyceiine. Bdow bb Mapmtjve 
fOBCthritics for gtyceriDC loiation of tmnwraom nitnte tad dibnic potmium 
pboipbitc ct sppioxfanitcly 6S^C« 

1 kHzRcsistjvjty.obm-cafltSSiC 

1 wt % 1950 840 

2wl% 1076 456 

SwlK 530 185 

IO«t% 383 93 

IS 

Tbe micfa b'gbn coodaetivity of Ifae maiaiiivm ni&ito nteboBS b lewfaly 

It wn diioovend thit n BS% to 90^ tshnkm of umuuiijam idttHe id 
glycerine oootnangipprexiantdy 1 wt % wita ii c^iibte of praduoog u nbdie 
20 oxide fibs of 8 bigSUy familiiiDg Dtturo on a titmnm ntrids nbitntB. 

Ibe praeot iavcnbGD is tbos doocttd to aoMqoeoDi M 
tt least ooe sotabk n)t fonned by die oeotnlizatioa of aoB-balogeiireootiining 
orgnic or inorgBoic acid aniaos with alksti metal, rnimotihim, ind^ protooated 
ujuac catknu. Tbe acid aniooJ are formed fnan acidi hrving t lower pKi tfaao 
25 pfaoqiborio add, socbttbiAii)tIiniitBd to, latrie add and 
die aotuUe salt is ammooiuzii niizais. 

By ooo-aqueous ntotioos, it i* meant tbat (he nhttioo bas Ico thao 5 w(K 
water, prefanbly laa (hta 2 wt% w»ta lod nxjre prefcndbly lew than ) wt% watw. 

Tbo ao»mit of soluble ttlt io fbe glycerine lobitioD is about DL5 to aboid 15 
30 wtK,prBfiBnbly about 5 Id about 10 «t9W bated 00 the total weigh of Ibe flolutiao. 

Ills gtyocrrae sobtfioaa in aoooidanee wilb Ibe invotioo nt^ 
bfttieir condoctiTiiy within (b» anode body poim aal nlentioef of anod^ 
doglyCBritwariutiPwofphayhatesahaialoguea. Glycerine loliiticni of anononiiBD 
mtrate are nmpecledly afiibis witti retract to dtennal dooon^ioadoa 80^ to 9GnC 
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and tend to mch to oqmUbnuta wtficr content oftppmujTiaidjr 0^-1 wt % it this 
temperatmc wbes expoud to the ttmosphgrc Hiu cooibiiisticD of tboTDsJ stttnlity 
and eqnUibriiin) vnttj content rcake these sohrtioas weU tuitod for loodizuig vtlve 
metals or valve nctsl-derivod obidca, sub-aithdo, or mbaxides it 80^ lo ^loat 
5 9(fC 

Anodiziag dcc&olytk aon-Aqtianu aohitioiB pmiuccd with such gljmriBe 
BQhiUons of nlii described above m nitible for anotfidng nlve meAls and wNe 
metal-derived nifiides end niboxidn. Suitable vaNe nKtel nitrides include, bot are 
oo<UnHBdtD,tituhDBoi&ide,niobiBntiitride,BadtiD^^ Settible valve 
10 acta) sob o»dc8,iDdiMle. bid sieiwtlinuted to dialing 

The invenlioo is directBd ID a loeibfid of inodhiiig aa to^ 
valve metal-derived aslride« iab-iiitride« oxide, seb-oxide. or as aTloy tbocof; s 
inixlin thereof or a iM(aOkghsionipQrit:oiisibeieo£ The aoodSamg a am digted 
Bt a tcmperatme of iboot 60*C to sbont 12^ xaaxU a miftrm anodic oxide 61m is 
\5 fbmied over the entile anode tur&oewitbtlttntxv^qtieoasele^ The 
thicknca of ±t film is detoinified by the applied vuhsse. 

Prefenbly tbo anodiziDg ten^erBtwe is about SO *C to about 9S *Q more 
prefOTbly about 84*C to aboot 91*C 

11w iiivcatkm is fcitber directed (9 pnparmt a cqstthor by 000^^ 
20 prepared fiom s valv»«iielaj derivative powder uiag tbo noMqnooBS ekctnilytic 
sotafka. Hie vatve^ofitaJ derivative powder it a valve metal-derived iBbide, 
sub-u'tride, (nidet-orsub«xjde.maDiDoylberooi;8BixtiuellMiwf;oraipeiBflic 
j tinff TOiBpo ri tioti tbereof* 

It dioiild be uudanuul tbat onall modifiesttons of the of the lolvettt t^thw 
25 »hitB of the piesentinvciTtkmcxD be made wTthomdepaniDg firm the spirit of thi^ 
disclosun, eg., it is ■atkipaled that bdaU sjnounts of ortbopbospfaate (up to tbe 
lobibility lioiit) cam be sddod to tbe dcctratytc bo advaotagE and Hat small amoazits 
of diols, such as propylene glycol, will not advavely efiect ifae electrolytes of tbe 
present mventiotk 

30 
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A 0.14 gfm mode wu pressed to aax thctncticd dennty torn CRP5 
btaniuiD ohride powder asd liottrcd at IWTC for 20 (ninutei» prododng to abson 
lolid thig bsving ■ very rougb surface. The body was suapcDdedby stutahuo tixr 
wire m ■ 250 ml staiaten str«i baker cootaiang a lohitioD of 13 gnnis of 
S amznoohini ottratc b 275 grami of g)>ceriae ( ap|) i rwrim a tri y 1% water CRastoit) at 
S0^:-9C^ 

A cuzmit of 20 aHhunpem wu applied nntU the vohage reached 20 «o&s (in 
about 1 1 micutea). then dw cunsit waa allowed to 'age dowo" ovenngbL After 
qipnnaaMtely 15M faoun at voltage, the ctnrem bad docatycd to 0.015 to 0.017 
10 miltisnipGnt an ahtntiy low value coniidenng the hisb uopunty contm of the 
gtai^ matenal (over 500 ppm of eubon tod jn»). 

Thia esiajtiple deinontrBtes tt» abfliiy to anodixe titauun oiti^ 
90*0 with aosDOOiiiiB oitiatie in glyocnne. 

15 p»»ny t« 2 

lo ordcj- to test dte eflScicy of the electrolyte of the ioveotioo wfaeo anndgnig 
9 tnditicxml valve metal, a ttntaluaa foil coupon bavisg appraximately 40 iqoare 
cestfaneten of isnncnod lurtKC area wos asodized at 8^ id a 5 wL % aotntion of 
ammooioia ndirate ia gtyccnae (oomaioizig ippnuixaately IS water)! A cunod 

20 densityof I n)iIKainpeieperaqparecBtfiinek7wiJ0tx9toycd(40izu^ 

can«tf)givti9atiisetOTeKik100vohiefippiOKiina^ Tbe 
coupon tticD "aged down" ootmally. The carmA after 1 urisats at vohage wm 2.72 
oiUliBniperei, after 5 misutas at vohage was LlOnulUampena, alter 31 huhuIbs at 
voltage was 0^ Tnfnifnijmr t t . aod afVer 40 mimitn ai voltage waa 0.179 

25 miniaiwperes. 

TUs example deoianstrafies flut Ihe etectrolyte of tbe invcotioo is capable of 
onodiziog a coupoQ of the trsditiaaal valve metal, tantahnn, to a voltage level 
commoDly usal to fbnn Q» anodic ojude m tbe tXRBiuftc^ 

lo order to deteoinzie tbe ability to aoodire die doep ivxsaes and intend 
relatively large capadtance, powder netallorgy model with tbe electrolyte of the 
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investkn, (he ft^owiog gx p o im cpt wu co»duc t n l : 8 uiodes fibrictted from Sbowa 
S-S06 tunahim powder «od exhibiting ■ capacitance of spfmnimalety 650 
ra'cTsftridi wtm uodizcd to 20 voitt in dilute pboepboric add it IKTC «m wehkd 
to an ahmintOD pneca btr and were tatpendei in a 5 «t % aohitioa of anusooiiBD 
mtnte m glycerine (about 1% wuei eontCBt) contaioed b « imaU msdizitiOD aak 
maunamed Bta tenpcntureof 84^ to 93^ A cathode icrecn auadoffO'e.. tbo 
dlxiaoce between (he boQomi of the laodea and Ibe top of (be cathode screen) of 
alightly ten thn I ccntiinetcr waa employed* 

A cuncoi of 0.9 ampere (^ipraxonately 9 micjoanipcra per Ducm&nd-voH) 
was antlied unto ttteanoda readied 20 TQlti. The tinw reqaind to mcb 20 volts 
we« spproximtely 15 miiiatet. Tlx modes woe then held at voltage for an 
additiooa] 6 boun. 10 nsDuto^ The anodes woo dien riosod in de-ionized water, 
dried al 85%:. and wet cdl leitod in 17 wt K pbosj^ione add to obtain c 
and dc. leakage nmcol aie a sn i e i Bepti. The reralu are bdow. 



Part 

father 


120HzCapacitn)ce 


D.Cl.wifli60tt 




6S&92 


0.34 


2 


641.00 


0.52 


3 


652.66 


0.87 


4 


660.73 


0J3 


S 


650.05 


0.59 


6 


63 U4 


054 


7 


653.04 


0.4S 


8 


MIM 


im 


Average 


65 J .80 


0.788 


Sid, Dev. 


5.84 


0.541 



The data indieatoi Hart all of Ihe anodes aie einnpl^ly anodizEd; (he 
caipacitaooe etudard devistioo of 3.84 oioroftradB ii very ttnaO for a eapaciiaDce 
target of 650 taioro&nds. The dx.1. data also iodicstcs that fiw oxide u of high 
quality with rapcct to lealxgc cmitot b Qiitc ^ dx abieixie 0 

b a cornpintivc tect. a bar of anodes of the same rating (i.e., 650 microfiradi) 
wu anodizcd to 20 volta is 10 wt % dibasic potassium pho^ihafe EohitioQ in 
g)yccniest9<rC. After these anodes woic held at voltage for a aimilar period of dme 
(i.o,, approxnnately 6 hnin^ 9>By were tbund to bo moonipleCBly anodized on the 
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inwde. Pictured modes were a difienad ootor b the ccDtcr ((ignifymg • different 
oxide thkbiea3}tbina»edarn>>Baod6 color. The rnotta of this expcnoail iodicitB 
that the pXa of pfaoqibiiric icid is oot iow eoougb to give suiBcicnt oonductirity 
within Ihc anode pofcs for (be pupofcs of the process/dectrolytt of Qtt iarcowm. 

5 Thittlieiiianivleteniodiziiiaaoftbeimaiorpc^ 

pbo^hHls lah a dite to Oe Bucsnvdy tsisb pK« of phcqtfwric idd ad 

ctcetiQlyiB nnstMty (S% NH^C>> in Klyceris^ ns^^ 
C,HP04 in ^yeoine. itiiitM^ « 3n ofan><nu boA It 90^ is dcBKB^ 
£BCt tiitt a lolutioa of 1 0 wt % potissitnD fonmte in glyecrino hu u evm 

10 C resistiviiy (140 obshcm) tfaso S wt % HnmoDium mtrmtc in ^ednc (185 
ohnvcm) but wheo used to loodtzz tile 650 oiiaofsnd Boodcs (20 vijhs) used for (be 
test, an even greaia &«ct>(m of tbe tntenor portion of the anodes is mamifltitiy 
anodizedtlBDwi^tfaeK.,HPOyg)7ccniiodxtroIyte. Tlus c«a only be explained Vy 
ifae still faigber pKji of fonnic acid (tbm phospboric sciiO in glycerine. 

IS Additiooally, declrolyta of dx mvectioa, i.e, solulioia of unaiomwn mtinc 

ID glycerios^ bsve ni Mnaiititiptted higH) degfoe afthenml stability at fte ten|)cntuie 
nnge usefU ftr die poipoBcs of the pnwoes of tlie isvenaon, tint is, ovtr ibe 
tcDipentiire nitga of aboot fiO^to 12S*C and more pailicDUiiy, fiom abont 80^ to 
90^ BvtnallOwLKaniiiKnhimtiitrafiecancQitziitioc^fliedK^^ 

20 slcwtodisDo(orBl90FCndinanilain(barariginBlRaastin 
diis tenipentoic 



A sample of S wt % ammoimim tutnte in glycenue was nainuiocd al t 
25 te aiqwa tuic of BCTC to 90nC for 1 week to a et amless steel bcakn, open to tbe 
atmospbcre. During this penod. varioos itaodcB ud falvc metal coupons were 
ioodizcd b (hii eleccrolyte. 

AAer 1 vcek it KTC loTVC, ■ san^de of the cfectmlyte loltitiaD was safamittal 
fmanBlysif. The maHi ire gjves below. 

30 

W&icr Dratent - 0.895% 
(detennbied by Kxrl Fisher Analysis) 



.16. 



JP 2004-518812 A 2004.6. 24 



votmom KrrmsoiANfj 

CfaramhiRi ^ 0*08 ppn 
Inn * 0<60 ppcn 

Nkkd • OMppm 
(tbove dttemiined by ICP aailyds) 

5 

A Konid ssmpic of S wt. % nnnxndum mtnto is gtyoBrinc wis miDDdna) at 
t tcmpcntuTv of 80^ to 9VC ftar 6 wteka h i tnaQ inodizing tank, open to 
■txDQsphcn. During Ihii period, wriooi nodoi ud vilve metil coupons wen 
uodized ia this decrrolytc 
10 AfVer 6 wctks it 80*C to 90*C« I uiuple of (he electrolyte tohitioD wu 

•Dbmittcd for Bnftlyu. The nsults bc g^ven below. 

WiterCdstect- 0.7)5% 
IS (dettniiiiisdbyKalFafaeiAaBlyiii) 

QuouuiiiA * 0.07 ppn 
IlDQ * 0^1 ppju 

Kiekel - 0.17 ppia 
20 (above dcttnxBoed by ICP amlyiii} 

The dectrolyte colotioni of anuDomuis oitntE ia gtyccrios are my stable tt 

80^ to 9trC wifli respect to ttmnal dec o oywnion and change n tediiiviQr, aod do 

DDI g^re riw to ooRDBvo bypnxhicis wticb atiick staiate 
25 Gl ye q iii e w biti ooi of ana n on hin i irilndB (10 %) dBcou i |)0<e B u o otfa ly to ywa, 

kaviiv littie aab or cfav when boitDd tD acveral buDdred dogma C OD 0aB didci on 

1 hotplate. Then wu DO evidence of vndent iciEtioa dnug tfab tesCog, 

By oootrait, nhitions of amnxxDuni Dtntt (3 % to 10 %) h other- polir»bi^ 

boiling ponri soNuts, sucb u poiye1hy)eoe glycol, polyetbyleae ^yoo) oxxxxoEtfayl 
30 cihCT. or polyttbyleae glycol dimethyl etbei, de ci o uyuecj rqwdly «t 8<r C to 9(rC, 

giviag rise to daik rcd-browQ lohitioa of unknomi cbcmigtiy tSkr only ) to2 boon 

at this tempenim nnge. 
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WHATMn.AIMKnrS: 

1 I. A Don-^coas electnrfytic totaUm comprising ^ycoine lod at last one 

2 soluble wit fonned by Ibe neutnlizatioo of ■! least ace aon-failogeo-coouintng 

3 organic oc inocgBoic add oiioo with st least one alkali metal, aaunoaiiun, or 

4 piotoaMediauDecitioa;wfaeniDtbeiddiiBcmBderiv^ 

5 lower chia pboqifaoric acid. 

1 2. ThenOD'iqnBQmdcctroiyticiotoioDiccoidipgiodairal^ 

2 nit is •mfnoDBni futnte, diroeltayl ethanoliaiipe oiottB, dinelbyl eduDOlBniiio 

1 3. 71ieBOD4qaeoij«elcctralytieiob)tNDBCQan^ 

2 nit n im ipon i una oibitB. 



t 4. Tbe ooo-aqoBoas doctrolytic sohaion according to chim 1 wberem wstn- 

2 content is teas than 2 wtS, bued os total wcigbt of tbe solution. 

1 y Tbe DQo-aqueoiis eloctnilytic sohidaD aoco r d ii^ to cbmo 4 vfaesciD water 

2 contest 11 leas tliaa I bued an tool wdg^ of fbeiohitioD. 

1 6. Tbe Don-aqueoia elcctiolytji : sdution •oconfagto cMw I conprisiiig aboci 

2 O.SwmiotboriitlSwf%of&eiolQblecalt.bttBdQototaIweig|aoflbecah>^ 

1 7. The noo-aqueotts electrelytic lotatioo accoitiiDg to claan 6 omip ii ting ^boai 

2 S w(H to tbool 10 wtS of tbe soluble sah, based 00 total weight of the sohtioo. 

1 8. A DDn-aqoaooB electrotytic solution coapnSiDg glyccrioe^ nd ammoniuDi 

2 oitnte. 

1 9. A mtlfaCHi fif wfrring Itn TTKW^ "rmT?"*^ ■tv^^ng nt * tmpmtim nf ahemt 

2 60°CtDaboutI2SXuitfilauaiiionn«ao(&coxiikfilmUfanwdon^ 
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1 lurftoe with Ibe noo-aqoona dectnilytie nhilioo ■oconfmg to dsim 1; whenis Ibe 

2 CBodeeoa^sa5vttvcinetBl-deijvedmtride,iub-iii^^ 

3 iltoy tbocoi; • mixiive tbenoC or ■ meUIte g)m cnnpoiit^ 

1 )0. Use tatAioA wcoRlmg lo daim 9 vfbenxB the t anp gn ur e is ibout WTC to 

2 tboct 9S'C, 

1 U. Theinethod«ccon£iigtocIiim lOwbercmtbatBOtpcntujcisdKmtM*^ 

2 AmilSTC 

2 itiobiinn niuidci or ttttnniip oitndB. 

1 13. A capechor con^uuisg is mode prep&rtd Gpqcq t vthr^metaJ duivitive 

2 powder tod •DOO-tqucofusdectrotytictohiboDcaispri 

3 lohiblc lalt ibascd by Q» ocotralization of si kast ooc um-halogeD-conuhuag 

4 organic or isor^xiuc acki laioo with »t lost one afluH metil, ammooiom, or 

5 prototuued anxine caUon; wherein ttie add KDOO is doT^ 

6 lower dxan pbocpboric Kid, nd wbenio tbe vsWe-c^^ 

7 metBl-dcnved nitride, vutHoitxidc, oxide, oi gulHJxidc, a-n iSoy thacoi^ ■ nnxture 

8 tbffco^ or ■ iDCtallic gisn cuuipoiiljoD tbocof. 

1 14. Tbe cftpacitor' •ocoodnjji to clun 13 tvhercni ihe soluble Mlt tt mnooscan 

2 Dttrtte, dSnictlyl ethsnoliiiuiK nitntc, dnnedQfl cflwnolinaae mlfino» dsmediylciboxy 

3 etfaanoltmine oitxvte, or dimetlqrlcdiciKy ethinotimine mUits. 

1 IS. Tbe npacttor tooonfing to cbin 14 wlicraD the soltri>)e salt b imnMBiuoi 

2 oitrvte. 

) 16. Tbeci9«citvao»idii]gtocluin 13 wfaocinwalv 

2 thin2wt%,bBaedontoUlwei8^oftb0 6oliitioiL 
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1 17. TJuupadtix-aoixMidngtDdsim 16wberanws^ 

2 thsD I wtV«, based on lotnl wdgbt of tbe tolutioa. 

1 II. ThscapadtorBeoonisigtodBiln 13 wkcraDlfaecolatioiieai^^ 

2 wi%U>ibCRitlSw(Koftfae«obUesilt,b»edaiio(aiweiBfatofltisialBti 

1 19. The c i n iBC i to i icondiiig to daira 18 vbarein tfae tohi^ compruet about 3 

2 wt%loilK)M IOwt%f/tbe8oh:UenIt,bDscdontotifweigli1orthenhitioiL 

1 20. The oiadior uoonfing to claim U wfaacia vahw^etil doriwtivc ti 

2 ^TTTtyhTT* nitride, Diobtun QitiidCi or fitnuuD nitnde. 
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